ABSTRACT players with scapular dyskinesia present a smaller subacromial space than non-athletes was investigated. Additionally, the correlation between the size of the subacromial space and abnormalities in scapular movement during arm abduction was studied.
participants presented with scapular dyskinesia. Of the 106 shoulders evaluated, 39.6% of tennis players and 10% of control participants presented with scapular dyskinesia in the clinical examination (p = 0.005). Ultrasonographic measurements demonstrated that tennis players presented statistically smaller subacromial spaces compared with control participants (p,0.001). A decrease in the subacromial space was observed in tennis players when the shoulder was raised from 0u to 60u of abduction; however, dyskinesia-afflicted athletes demonstrated a significantly greater decrease following this movement (19.3 vs 13.8 mm, p = 0.002).
tennis players with scapular dyskinesia present a smaller subacromial space than control participants. Furthermore, when the shoulder was analysed dynamically, moving from neutral abduction to 60u of elevation, the tennis players with scapular dyskinesia presented a greater reduction in the subacromial space compared with unaffected athletes.
Shoulder injuries are extremely common among competitive tennis players. [1] [2] [3] [4] [5] [6] Several previous studies have demonstrated the importance of the throwing motion and have determined that this evaluation should be included in the analysis of the entire kinetic movement chain. 7 8 These studies have emphasised that scapular-thoracic joint function is essential for properly evaluating a tennis player's stroke technique.
Many studies have cited thoracoscapular dyskinesia, defined as an observable alteration in the position of the scapula and the patterns of scapular motion in relation to the thoracic cage, as a factor associated with shoulder injuries. 8 However, the extent to which this condition represents a risk for pathological conditions of the shoulder remains to be fully elucidated. It is currently believed that injuries due to overloading of the tendons located in this space (the rotator cuff) are very common among tennis players. 1 3 8-11 It has been reported by Jobe and Pink 12 that when arm abduction and elevation movements are made, there is a reduction in the subacromial space. This reduction in space tends to increase the load on the rotator cuff tendons and may cause impingement among tennis players. 3 7 10 Clinically, cuff injuries and impingement are easily diagnosed. Whether radiological examination can identify the relationship between dyskinesia and abnormalities of the subacromial space before the occurrence of an injury is not known. Recently, Desmeules et al 13 described variations in the subacromial space in different positions of the shoulder and recommended ultrasound studies as an important prognostic tool in suspected cases of impingement syndrome. This study did not investigate a specific population of athletes, and no abnormalities of the scapulothoracic region were reported in the patients examined. Therefore, we tested the hypothesis that tennis players with scapular dyskinesia present a greater reduction of the subacromial space, both statically and dynamically, when their shoulder moves from a neutral to an abducted position.
METHODS
Seventy-three individuals were voluntarily enrolled in this study and included 53 elite tennis players and 20 control patients with demographic characteristics similar to those of the tennis players. Tennis players were invited to take part in the study during their regular practice sessions at their club. To be included in the study, each athlete was required to be a member of the Brazilian Tennis Confederation, involved in national or regional competition. Exclusion criteria were a shoulder injury at the onset of the study or shoulder surgery or clinical treatment for a shoulder injury during the 6 months before the start of the study. All enrolled participants provided written consent from a parent or legal guardian.
Each athlete provided answers to a questionnaire that determined each player's dominant hand (the side on which they held the racquet), the number of years playing tennis, the number of hours training per week, whether they had undergone treatment because of a shoulder injury, and what type of backhand stroke (with one or two hands)
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The results of this study demonstrated that the athlete used when playing. In addition, at the time of the evaluation, each athlete's body weight (in kilograms) and height (in centimetres) were measured. The individuals in the control group were chosen by matching age and sex with the tennis players; their weight and height were also noted. The study was approved by the ethics committee of our research division, which is a part of the national research ethics system of Brazil.
The tennis players enrolled in this study had a mean age of 14.8 years (range 11 to 18 years) and individuals in the control group had a mean age of 14.6 years (range 11 to 17 years). Thirty-one (58.5%) of the tennis players were men and 22 were women (41.5%). The control group consisted of 11 girls (55%) and 9 boys (45%). The mean height and weight of the tennis group was 166.6 cm and 57.2 kg, while the mean height and weight of the control group was 161.9 cm and 61.1 kg, respectively. No individuals in the tennis nor the control cohorts reported any pain at the time of study enrolment. There were no reports of previous shoulder pain among the control and the study groups.
It was determined from the pre-enrolment questionnaire that each athlete trained for an average of 11.4 h/week and had been taking part in competitions for approximately 6 years, ranging from 2 to 12 years. Only eight players (15.1%) performed the backhand stroke one-handed; the remaining 45 athletes (84.9%) reported that they performed the backhand stroke using both hands.
Clinical evaluation
Each enrolled individual was evaluated for the presence of scapular dyskinesia by a single orthopaedic surgeon (RTS), specialising in sports injuries. For this evaluation, each individual was standing upright, facing away from the doctor. The scapula position was first evaluated at rest. The patient was then instructed to raise each arm forward and then return it to the resting position. Immediately thereafter, the individual was asked to perform abduction of the arm. The movement of the scapula in relation to the rib cage was observed from posterior for each of these two arm movements. Following this analysis, each shoulder was classified as being either affected or unaffected by scapular dyskinesia. Scapular dyskinesia was diagnosed when there was static or dynamic scapular winging (prominent inferior angle of the scapula), or when there was abnormal movement of the scapula during arm abduction or elevation (either in the ascending or the descending phase). 8 9 
Ultrasound evaluation
The ultrasound examination of the shoulder was carried out by a single radiologist who specialised in ultrasonography (LGH). To eliminate bias, each ultrasound evaluation was performed without previous clinical knowledge of the patient. Each individual was issued an identification number, and this was the only information provided to the radiologist.
The ultrasound examinations were carried out using the EBook device (GE Medical Systems, Milwaukee, Illinois), with a 7-12-MHz linear transducer. The acromiohumeral distance was measured at 0u and 60u of abduction, always with the forearm pronated and the humerus internally rotated. The angle or degree of abduction was confirmed using a goniometer. To measure the acromiohumeral distance, the transducer was positioned in the coronal plane, accompanying the major axis of the humerus. The measurement point on the anteroposterior axis was defined as the location at which the acromiohumeral distance was least.
Statistical methodology
The qualitative variables are reported as absolute numbers and relative frequencies (%), while the quantitative variables are reported as the mean, SD, minimums and maximums. A Student t test for independent samples was applied to compare groups of interest in relation to the mean of each quantitative variable. The presence of associations between the qualitative variables was evaluated using the x 2 test or Fisher's exact test. The significance level of 0.05 (a = 5%) was adopted.
RESULTS
In the cohort of tennis athletes, 43.4% (23/53) presented scapular dyskinesia. Among the afflicted individuals, 82.6% (19/ 23) were affected bilaterally, 13% (3/23) presented with dominant-side scapular dyskinesia, and 4.35% (1/23) presented with non-dominant side scapular dyskinesia. In the control group, 20% (4/20) of patients presented scapular dyskinesia; half (2/4) of the afflicted patients were found to present with dominant-side scapular dyskinesia, while the remaining two individuals presented with non-dominant side dyskinesia. Figure 1 Ultrasound measurement of the acromiohumeral distance at 0u of abduction. The area for the subacromial space is equivalent to the distance between the two white cross symbols. Figure 2 Ultrasound measurement of the acromiohumeral distance at 60u of abduction. The area for the subacromial space is equivalent to the distance between the two white cross symbols.
When we evaluated all shoulders (106 shoulders in the tennis group and 40 in the control group), it was determined that there was a statistically significant difference in the percentage of individuals affected in each group (p = 0.005). Among the tennis players, 42 shoulders (39.6%) presented with scapular dyskinesia upon clinical examination, while only four shoulders (10%) presented with abnormalities in the control group. We further determined that when the evaluated shoulders were restricted to each patient's dominant arm, there was a statistically significant (p = 0.011) difference between the rate of affliction between each patient cohort; 41.4% (22/53) tennis players and 10% (4/20) control patients were affected, respectively.
The examination of the subacromial space by ultrasound measurement, which was evaluated with the arm at rest and in neutral position (0u of abduction), determined that, on average, the tennis players' shoulders presented a statistically significant (p(0.001) smaller space than seen in the shoulders of participants in the control group. When this space was evaluated with the arm at 60u of abduction, we determined that the shoulder of the tennis players also presented a smaller subacromial space, although this difference was not statistically significant (p = 0.136). The ultrasound examination is shown in figs 1 (0u of abduction) and 2 (60u of abduction), and the data are presented in table 1.
We next compared the shoulders with and without dyskinesia within the tennis player group. Among the 106 shoulders evaluated, there was a statistically significant reduction in the subacromial space when the shoulder was elevated from 0u to 60u of abduction. However, when we specifically focused on the patients with dyskinesia (42 shoulders), we determined that the reduction was significantly greater. Tennis players with dyskinesia had a mean reduction of 1.93 mm (21.4%), while in the tennis players without dyskinesia (62 shoulders), the reduction was 1.38 mm (16.1%) (p = 0.007). The complete data are shown in table 2.
DISCUSSION
Upon ultrasound examination, it was determined that tennis players enrolled in this study presented a smaller subacromial space than did the control participants. Moreover, the difference in the reduction in the subacromial space between the control and athlete cohorts was magnified when the shoulder was moved from the neutral abduction position to 60u of abduction. These data are consistent with our hypothesis that there is a significant correlation between scapular dyskinesia and the subacromial space measurement, even among asymptomatic tennis players.
Based on the analysis of the numerical data derived from ultrasound examination, we concluded that the tennis players presented a smaller subacromial space measurement than the control patients. On average, each tennis player presented a 10 mm difference in the subacromial space, when measured in the neutral abduction position (0u), compared with individuals in the control cohort (8.79 vs 9.8 mm in the control group). However, when the reduction in the space caused by abduction of the shoulder to 60u was analysed, it was determined that the reduction was greater in the control group (tennis players 1.6 mm versus controls 2.18 mm). This difference may be because the shoulder of the tennis player has a smaller subacromial space when in the resting position. In this respect, a greater reduction in the subacromial space due to arm abduction would be expected in the control group in which the subacromial space was initially greater.
The most significant finding of this study was the observation that a higher frequency of dynamic reduction of the subacromial space occurred in the shoulders of tennis players with dyskinesia. On average, the percent reduction in the subacromial space was 21.4% among the tennis players compared with 16.1% in the control group. This percent difference between the two cohorts corresponded to an average difference of 0.52 mm (p = 0.002). We do not have an exact explanation for this finding, and we, therefore, believe that more studies are required to examine the correlation between subacromial space and scapular dyskinesia. We believe that an imbalance in the posterior muscles that stabilise the scapularthoracic joint contribute to the impingement of the subacromial region.
A number of studies have determined that there is a significant relationship between improper movement of the scapula and the presence of shoulder pain, which may give rise to injuries due to overload, particularly in the tendons of the rotator cuff. 7 8 Consistent with these observations, Kibler 9 has concluded that it is important to perform scapular movement evaluations among tennis players. The extent to which abnormalities of the scapula might predispose an individual to rotator cuff injuries remains to be determined, since inadequate mobility of the musculature that balance the scapula is generally only evaluated when the tennis player presents with clinical complaints.
Abnormalities in tennis players' scapular movements may appear at an early stage in juvenile development. Therefore, abnormal scapular movements can often be found when group.bmj.com on April 28, 2017 -Published by http://bjsm.bmj.com/ Downloaded from evaluating junior tennis players, as we observed in the population examined in the present study. The condition should be treated adequately in order to prevent injuries from occurring in adulthood. Therefore, a study on the presence or absence of dyskinesia in competitive tennis players is of great importance in relation to the evaluations of such players.
In the current study, there was a significant difference between individuals in the tennis and control groups with regard to the presence of scapular dyskinesia. When examining only the dominant shoulder, for example, dyskinesia occurred four times more frequently among tennis players. This difference was significant and therefore must be considered when treating competitive tennis players of this age group.
Despite evidence demonstrating that tennis players with dyskinesia have a greater chance of presenting significant abnormalities in the subacromial space, the mechanisms responsible for this observation remain to be determined. Karduna et al 14 recently reported the significance of the relationship between abnormal scapular movements and abnormalities in the subacromial space. In their study, the shoulders of eight cadavers were examined, and the authors concluded that the upward rotational movement significantly reduced the subacromial space. It is known that some types of dyskinesia may lead to deficits of upward and downward rotation of the scapula, which may partially explain the observations in our current study that tennis players with dyskinesia have a smaller subacromial space in the resting position and a greater reduction in this space when the shoulder is abducted compared with control participants.
Another finding that we wish to highlight from our study is the benefit of utilising ultrasonography for evaluating the subacromial space. Azzoni and Cabitza 15 compared subacromial space measurements in 20 patients using conventional radiographs and ultrasonography. In their study, they emphasised the importance of the ultrasonographic method because it is reliable, harmless and easy to perform when the radiologist has experience with musculoskeletal injuries. However, the disadvantage of this methodology is that, unlike radiographic and magnetic resonance examinations, ultrasound is very dependent on the skill of the individual who performs the examination, and the impression from the images may not always correspond to what was observed in the dynamic examination. In our current study, we utilised the services of one radiologist who was a specialist in diagnosing musculotendinous injuries, to diminish this bias.
We believe that additional studies will be required in order to confirm our findings. Specifically, prospective evaluations that aim to follow up these tennis players for long periods are necessary in order to observe whether pathological conditions of the cuff occur more frequently among players diagnosed with scapular dyskinesia. Only in this way will we be able to more precisely characterise the relationship of dyskinesia as a predisposing factor for shoulder injuries among tennis players.
CONCLUSION
Our study has confirmed the hypothesis that tennis players have a smaller subacromial space than age-matched and sexmatched control participants. Moreover, tennis players with scapular dyskinesia show a greater reduction in the subacromial space than tennis players without dyskinesia. We conclude that early detection of dyskinesia in competitive tennis players is important in order to establish preventative exercise programmes at an early age.
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What is already known about this topic
Rotator cuff pathology and scapular dyskinesia affect junior and professional tennis players, but the exact relationship between these two conditions and the importance of the dysfunction of the scapula in the generation of subacromial pathology are unknown.
What this study adds
Junior elite tennis players have a higher chance of developing scapular dyskinesia. Tennis players with scapular dyskinesia have a narrow subacromial space.
